Objective: Our aim was to evaluate the effect of aquatic obstacle training on balance parameters in comparison with a traditional aquatic therapy in patients with Parkinson's disease. Design: A randomized single-blind controlled trial. Setting: Outpatients in the rehabilitation department. Subjects: A total of 46 patients with Parkinson's disease in Hoehn-Yahr stage 2-3. Interventions: Participants were randomly assigned to (1) aquatic therapy or (2) obstacle aquatic therapy. All participants undertook aquatic therapy for 30 minutes, five times per week for six weeks. Main measures: The Freezing of Gait Questionnaire, Functional Reach Test, Timed Up and Go test and Berg Balance Scale were assessed at baseline, posttreatment and at six-month follow-up. Results: Both groups of patients had improved primary outcomes after the training program. A betweengroup comparison of the changes revealed that obstacle aquatic therapy was significantly higher for the Freezing of Gait Questionnaire (after treatment: 8.7 ± 3.3 vs 6.2 ± 2.1, P = 0.004; posttest: 7.7 ± 3.1 vs 5.3 ± 2.0, P = 0.003) and Timed Up and Go test (after treatment: 17.1 ± 2.9 vs 13.8 ± 1.9, P < 0.001; posttest: 16.3 ± 2.8 vs 12.9 ± 1.4, P < 0.001). Conclusion: Obstacle aquatic therapy in this protocol seems to be more effective than traditional protocols for gait and balance in patients with Parkinson's disease, and the effect lasts for six months.
Introduction
Freezing of gait is characterized clinically by sudden, fairly brief episodes of an inability to produce effective forward stepping that typically occurs during gait initiation or turning while walking. 1 Freezing of gait is an episodic phenomenon seen among persons with Parkinson's disease. During a freezing of gait episode, the patient experiences a sudden and transient inability to move effectively. Freezing of gait is usually regarded as a late feature of Parkinson's disease. However, recent studies have revealed that freezing of gait may occur in very early stages of idiopathic Parkinson's disease-in fact, in up to 26% of patients who have not yet been exposed to levodopa (l-dopa). 2 Beyond its relationships with mobility and gait, freezing of gait affects the quality of life of people with Parkinson's disease. 3 A systematic review 4 and meta-analysis of 39 trials with 1827 participants investigating the effects of Physical Therapy (PT) in subjects with Parkinson's disease showed that benefits of physiotherapy were found in most outcomes over the short term (i.e. <three months) but was significant only for speed, the two-or six-minute walk test, the freezing of gait questionnaire, the timed up and go test, the functional reach test, the Berg balance scale and the clinician-rated Unified Parkinson's Disease Rating Scale. Aquatic therapy is a common treatment modality used to address the complexity of patients with neurological disorders. The use of aquatic therapy can improve dynamic balance and gait speed in adults with stroke and Parkinson's disease. 5, 6 Several studies have assessed the function of aquatic therapy intervention for individuals with Parkinson's disease. A water-based exercise training program was found to be a helpful therapy in Parkinson's disease. 7, 8 A recent study showed that water-based and calisthenic exercises can improve freezing of gait, postural control and functional independence in patients with mild-to-moderate Parkinson Disease. 9 A Spanish study showed that 20 sessions of aquatic therapy aimed at improving balance, and coordination and strength can improve walking speed and step length. 10 Another study found that, after 24 sessions of aquatic therapy, the chair sit-and-reach performance on the Fullerton Fitness Test significantly increased in people with Parkinson's disease. 11 Obstacle training has been used in both water and land training for stroke patients 12 and can significantly improve balance function and walking speed, 13 which is considered to support reliability and suitability of the intervention program. Based on these premises, we designed a randomized controlled trial to assess the effects of a rehabilitation program, based on aquatic therapy and with or without obstacle training, on gait and balance in patients with Parkinson's disease.
Methods
We conducted a prospective, parallel-group, singlecenter, randomized controlled trial between October 2012 and June 2014. Parkinson's disease patients who voluntarily agreed to participate in this study were included. The following inclusion criteria were used: diagnosis of idiopathic Parkinson's disease, age older than 18 years old, no change of medications for at least two weeks before study enrollment, ability to ambulate at least 150 feet without an assistive device, in stages 2 to 3 according to the Hoehn and Yahr 14 Scale, endurance sufficient to stand at least 20 minutes unassisted per subject self-report, absence of skin diseases and no physical therapy conducted over the past six months. Participants were excluded if they were unable to walk independently or had undergone surgical treatment for Parkinson's disease. Other exclusion criteria included mini-mental status examination 15 of <24; anticipated change in medications during the course of the study; symptomatic coronary artery disease; fracture of a lower limb within six months before the study onset; or other neurologic diagnoses, including multiple sclerosis or vestibular disease.
Patients meeting the enrollment criteria were randomly allocated to one of two groups (aquatic therapy and obstacle aquatic therapy) using random numbers in sealed envelopes. The numbers were generated from a computer-generated randomization schedule. Research personnel involved in data collection were blinded to the group assignment. The patients knew their treatment assignment but were not aware of the study hypothesis; moreover, they were explicitly instructed not to discuss their exercise program with the raters.
Participants who met all the inclusion and exclusion criteria as assessed by a study physician underwent baseline data collection at the time of screening and for three assessments, at three different times: (1) baseline: before the training program started; (2) posttreatment: two to three days after they completed the six-week program; and (3) sixmonth follow-up: approximately six months after they completed the training program. During the physical examination, the study physician first determined if the patient was in an on-period. Assessments were performed at the same time of the day, assuming medication intake occurred at the same time each day.
The study outcome measures were as follows: freezing of gait questionnaire, 16 functional reach test, 17 timed up and go test 18 and the Berg balance scale. The Berg balance scale is a 14-item objective measure designed to assess static balance and fall risk in adults. It has been validated for patients with Parkinson's disease. 19 The freezing of gait questionnaire is the only validated tool available to subjectively assess freezing of gait; it has 6 items, of which four items assess the freezing of gait severity and two items assess the gait.
Aquatic therapy occurred in a therapy pool. The pool was 4 m wide, 6 m long and 1.20-1.40 m deep throughout, and the water temperature was approximately, but not less than, 32°C (89.6°F). The sessions were performed in groups of five patients each. Each session conducted had three parts: warm-up for 5 minutes, main exercise for 30 minutes and cool-down for 5 minutes. Both groups underwent five sessions per week for six-week training programs and 30 sessions in total.
Both groups underwent the same warm-up and cool-down training, namely, upper extremity and lower extremity stretching and range of motion exercises for flexibility.
Main exercise for the "traditional" aquatic therapy protocol: the balance training was partly in accordance with the Halliwick concept (The TenPoint-Programs). (1) Trunk mobility exercises (axial and proximal rotation). (2) Postural stability training: balance/coordination exercise to perform movements with one leg and arms while balancing on the other leg, weight shifts in different directions (anterior, posterior and lateral) in the standing position; hip, knee and ankle range of moment holding onto the side of the pool. (3) Going up and down stairs.
Main exercise for the obstacle aquatic therapy: (1) slalom walking trials. Small plastic objects were fixed to the bottom of the pool, and the subjects slalomed between them. (2) Obstacle circling: a "bowling pin-like" object was fixed to the bottom of the pool, 3 m away, and the patient walked toward it and then circled back. 
Follow-up
Patients returned to the rehabilitation clinic at six months for follow-up. The entire baseline assessment procedure was repeated. Current medications and adverse events were recorded at each visit.
Statistical analysis
The effect of the rehabilitation strategy on each considered outcome variable was assessed by a two-factor analysis of variance. The between-subject factor was the treatment (aquatic therapy vs obstacle aquatic therapy), and the within-subject factor was time, with three levels (baseline, posttreatment, six-month follow-up) providing information about outcome changes at the three evaluation time points. If a significant interaction effect for time and treatment was observed, a within-group comparison between the end of rehabilitation and the baseline was conducted for both groups by the paired t-test or by Wilcoxon's matched pairs test in case of violation of the normality assumption. Between-group comparisons were performed by an independent sample t-test, if appropriate. Descriptive statistics are given as the mean and SD. A P value < 0.05 was considered statistically significant.
All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS), version 17.0 (SPSS, Inc., Chicago, IL, USA). Figure 1 is a flowchart depicting the participant screening and recruitment in this study. Demographic and clinical characteristics of all patients are reported in Table 1 . Results from repeated-measures analysis of variance for all variables are summarized in Table 2 . The main finding of our study was the different time course for the Freezing of Gait Questionnaire and Timed Up and Go test in patients who underwent obstacle aquatic therapy compared with patients who underwent traditional aquatic therapy, as demonstrated by a significant time × treatment interaction in the repeated-measures analysis of variance. The post hoc analysis showed that the variables improved significantly in both groups of patients by the end of the rehabilitation protocol (all P < 0.001), but the improvement was better in the obstacle aquatic therapy group than in patients who underwent traditional aquatic therapy. A between-group comparison of the outcome variables after the treatment and posttest showed that these changes were significantly higher in the obstacle aquatic therapy group than in patients who underwent traditional aquatic therapy for the Freezing of Gait Questionnaire and Timed Up and Go test.
Results
A non-significant time × treatment interaction was observed for the Unified Parkinson's Disease Rating Scale-II, the Unified Parkinson's Disease Rating Scale-III, the functional reach test and the Berg Balance Scale, indicating no evidence of a different time course in the two groups of patients. Both groups of patients showed an improvement after the training program, but the between-group comparison of the changes revealed that these changes were not significantly different in these variables.
Adverse events
No adverse events occurred during their rehabilitation program.
Discussion
The results of this study demonstrated that both protocols of aquatic therapy (with or without obstacle training) had equivalent effects on gait and balance in individuals with Parkinson's disease. Additionally, our study showed that obstacle aquatic therapy was more effective in improving freezing of gait, walking speed and turning around, as evidenced by the timed up and go test scores. While improvements in the Timed Up and Go test are in agreement with the improvements in the Timed Up and Go scores, the reduction in the freezing of gait duration and frequency can be explained by the fact that freezing of gait episodes, if they occur during the Timed Up and Go testing, will cause lengthening of the Timed Up and Go score. Thus, the improvement in the freezing of gait propensity will also contribute to the improvement in the Timed Up and Go scores. Movement in an aquatic environment generates several health benefits: aerobic function (oxygenation) and increased endurance, 20 reducing the tension of postural muscles and increasing the chances of self-improvement of the posture. 21 Water properties such as turbulence, hydrostatic pressure and buoyancy can increase sensory stimulation and cause balance reactions that can improve the postural control and mobility of Parkinson's disease patients. 22 Furthermore, warm water might work as an assistive element, increasing the skin temperature, expanding the blood vessels, increasing the blood supply, accelerating muscle relaxation, decreasing sensitivity to pain, reducing muscle rigidity 23 and enhancing balance ability. 24 Several recent studies have shown that Parkinson's disease patients can benefit from aquatic therapy. A randomized controlled trial of 34 Parkinson's disease patients 25 showed that aquatic therapy can improve the center of pressure sway area (closed eyes), Parkinson Disease Questionnaire-39, Activities-specific Balance Confidence Scale and the Falls Efficacy Scale at moderate stages of the disease. Another pilot study 26 with fewer than six Parkinson's disease patients undergoing four weeks of aquatic training showed a significant improvement in the Unified Parkinson's disease Rating Scale and Berg Balance Scale compared with land-based rehabilitation. Our study confirms all these above effects of aquatic therapy. Another before-and-after design study, 27 which involved 17 Parkinson's disease patients, showed that 36 sessions of aquatic therapy can promote improvements on the Unified Parkinson's Disease Rating Scale, Berg balance scale and Timed Up and Go test. None of these three studies evaluated the efficacy of aquatic therapy on freezing of gait.
Physical therapy-based interventions for treating freezing of gait are also not generally effective. Treadmill training, which alleviates gait asymmetry, 28 was found to be effective in reducing the scores on the freezing of gait questionnaire. 16 Two other studies reported that repetitive robot-assisted treadmill training may reduce freezing of gait. 29, 30 Still, evidence supporting the efficacy of practical therapeutic options is limited.
The obstacle course, which was validated in 1996, consists of a series of 12 stations at which functional tasks or simulations of common functional conditions encountered in and around the environment are presented. The obstacle course was developed to facilitate the evaluation of rehabilitation interventions for elderly individuals with balance and mobility dysfunctions. 31 The feasibility of obstacle training program was tested in individuals post stroke. 12 The effect of obstacle training in water was first used in chronic stroke patients and yielded a positive effect on static balance. 32 Compared with traditional aquatic therapy in our obstacle group, the subjects were intensively exposed to gait situations that are likely to invoke freezing. We believed that repeated training with freezing of gait "trigger" situations such as turning and narrow passages can alter the gait pattern and that freezing of gait will eventually be averted. The results of our study demonstrated that, after this training, freezing of gait was significantly alleviated. A recent study that used a motor learningbased intervention combined with rhythmic auditory stimulation also demonstrated that special training tasks (i.e. navigating a narrow passage or circling a chair) can ameliorate freezing of gait in Parkinson's disease patients. 33 This investigation had several limitations. First, it was a single-center study with a relatively homogeneous patient group with respect to race, age, disease severity and geographic location. Second, the subjects were trained and tested during the "ON" state. Most patients have more freezing of gait difficulties in the "OFF" state. Third, we did not evaluate the medication types and medication schedule status of the patients because the symptoms would be affected by medication intake. Fourth, there were few patients in our study.
Our study shows the impact of an obstacle aquatic physiotherapy protocol on freezing of gait in Parkinson's disease and provides the basis for future research with larger trials. Obstacle aquatic therapy in this protocol seems to be more effective than traditional protocols, and the effect lasts for six months. Some of the methodological aspects detailed here should be considered when designing larger controlled trials.
Our study shows the impact of an obstacle aquatic physiotherapy protocol on freezing of gait in Parkinson's disease and provides the basis for future research with larger trials. Future research may compare the benefits of aquatic therapy (with and without obstacles) with other general exercise programs to benefit balance, freezing and mobility in patients with Parkinson's disease (e.g. general aerobic exercise, dance, boxing, specific Tango dancing and dual tasking with aerobic exercise), along with a combination of aerobic, flexibility, balance and strengthening exercises.
